Favor de proporcionar un resumen en español. If you are unable to translate your abstract into Spanish, the editors will do it for you. ABSTRACT Spectroscopic observations of the low-mass eclipsing binary NSVS 11868841 have been obtained and the radial velocities were derived for both components. The masses and radii determined for the components are
INTRODUCTION
Eclipsing binaries are the best laboratories for determining the fundamental physical properties of stars. Detached, double-lined eclipsing binaries yield direct and accurate measures of the masses and radii of the component stars. Measuring of these quantities has always been observationally challenging. Large-scale surveys, providing imaging and photometric catalogues for substantial fractions of the celestial sphere, are now available at a wide range of wavelengths. Over the last few years, these surveys have become invaluable research tools for investigating the properties of intrinsically rare objects.
These surveys have proven most useful in searches for low-mass stars. Stars with masses less than 1 M ⊙ are regarded as low-mass stars and have late spectral types, namely G, K or M. We cannot vary the conditions prevalent on an individual star, so observations of many individual stars are combined to build up a picture of how stars of different mass and composition evolve. Since the intermediate-and high-mass stars are intrinsically bright sources most studies have centered on them with little consideration of M dwarfs with masses below 0.6 M ⊙ . This reflects the availability of more precise observational constraints, and also greater analytic tractability in modelling higher-mass stars. Recently, however, the lower main-sequence has attracted more attention, with a series of detailed models extending past the hydrogen-burning limit to the boundary between low-mass brown dwarfs and giant planets. Understanding the structure and evolution of stars is a basic goal of stellar astronomy. Critical tests of the evolution theory for stars can be made on a small set of eclipsing binary stars (Baraffe et al. 1998 , Girardi et al. 2002 , Siess et al. 1997 , Chabrier et al. 2007 . While the results of stellar evolution models compare favourably to data for main-sequence stars with masses greater than that of the Sun, evidence has been growing that the models for stars on the lower main-sequence have problems when confronted with precise masses and radii from double-lined eclipsing binaries. As shown by Torres and Ribas (2002) the evolutionary models underestimate the radii and overestimate the effective temperatures of the low-mass stars. These discrepancies were confirmed in subsequent studies by Ribas(2003) , Lopez-Morales and Ribas (2005) , Torres et al. (2006) , Morales et al. (2009a) , Morales et al. (2009b) , and others. Hints of the radius discrepancies have also been described by Popper (1997) , Clausen et al. (1999) , and others. Recently, Mullan and MacDonald (2001) , Torres et al. (2006) , Morales, Ribas and Jordi (2008) proposed a hypothesis based upon the effects of stellar activity to explain the discrepancies. Furthermore Stassun et al. (2009) called attention to that low-mass stars appear older or younger in mass-radius diagram depending on whether post-or premain-sequence models are used. As the number of low-mass eclipsing binaries studied carefully, both photometrically and spectroscopically, is increased a better comparison with the theoretical models can be made.
Light variability of NSVS 11868841 ( α = 23
h 17 m 58 s , δ = + 19
• 17 ′ 03 ′′ (J2000), hereafter NSVS 1186) was detected by Wozniak et al.(2004) from the Northern Sky Variability Survey. They classified it as a detached eclipsing binary with combined median magnitude of V=14 m .084±0.076 and an orbital period of 0.60179 days. High-precision light curves in the Johnson V-, R-, and I-bandpass were obtained by Coughlin and Shaw (2007) . Since the radial velocities of the components were not available they have determined the radii of the stars by analysing the V-and R-bandpass light curves. In this study we present the first radial velocities for the components of doublelined, short-period eclipsing binary NSVS 1186 and the physical parameters obtained from the analyses of radial velocities and light curves. Both components show high level chromospheric activity, evidenced by H α emission lines in their spectra. We discuss the properties of the binary and in relation to the discrepancies between empirical and theoretical mass-radius and mass-effective temperature relations for low-mass stars.
SPECTROSCOPIC OBSERVATIONS

Spectroscopy
Since the wide-band light curves of NSVS 1186 are available we observed the star spectroscopically. Optical spectroscopic observations were obtained with the Turkish Faint Object Spectrograph Camera (TFOSC) attached to the 1.5 m telescope on August 23, 24, and 25, 2008 under good seeing conditions. Further details on the telescope and the spectrograph can be found at http://www.tug.tubitak.gov.tr. The wavelength coverage of each spectrum was 4100-8100Å in 11 orders, with a resolving power of λ/∆λ 7 000 at 6563Å and an average signal-to-noise ratio (S/N) was ∼150. We also obtained a high S/N spectrum of the M dwarf GJ 740 (M0 V) and GJ 623 (M1.5 V) for use as templates in derivation of the radial velocities (Nidever et al. 2002) .
The electronic bias was removed from each image and we used the 'crreject' option for cosmic ray removal. The echelle spectra were extracted and wavelength calibrated by using a Fe-Ar lamp source with help of the IRAF echelle package. The stability of the instrument was checked by cross correlating the spectra of the standard star against each other using the fxcor task in IRAF. The standard deviation of the differences between the velocities measured using fxcor and the velocities in Nidever et al. (2002) was about 1.1 km s −1 .
Spectral Types and Temperature Estimates
We have used the spectra to reveal the spectral type of the primary component of NSVS 1186. For this purpose we have degraded the spectral resolution from 7 000 to 3 000, in order to use the calibrations by Hernández et al. (2004) by convolving them with a Gaussian kernel of the appropriate width, and we have measured the equivalent widths (EW ) of photospheric absorption lines for the spectral classification. We have followed the procedures described by Hernández et al., choosing metallic lines in the blue-wavelength region, where the contribution of the primary component is considerably larger than that of the secondary in the spectra. From several spectra we measured equivalent widths of some spectral lines assuming the light contribution of the primary star is 0.6, as given in Table 1 .
From the calibration relations of EW -Spectral-type given by Hernández et al. (2004) , we have derived a spectral type of G9±1 for the primary component. The effective temperature deduced from the calibrations of Drilling & Landolt (2000) , de Jager & Nieuwenhuijzen (1987) and Popper (1980) is m .028 correspond to a combined spectral type of G9±2 is in a good agreement with that we derived by spectral lines alone. Using the depth of the eclipses in three bands we estimate light contribution of the primary component as 0.60, 0.57, 0.55 and 0.56 in the V, J, H and K bands respectively. Hence V-K, J-H and H-K colors of the primary component corresponds to a spectral type of G9±2. We estimated a temperature of 5 240 ±230 K from the calibrations of Tokunaga (2000) . Temperature uncertainty of the primary component results from considerations of spectral type uncertainties, and calibration differences. The effective temperature of the primary star what we derived from the infrared photometric measurements is in a good agreement with that we estimated from the spectra alone. The weighted mean of the effective temperature of the primary component is 5 250±135 K.
Rotational Velocities of the Components
The width of the cross-correlation profile is a good tool for the measurement of v sin i (see, e.g., Queloz et al. 1998) . The rotational velocities (v sin i) of the two components were obtained by measuring the FWHM of the CCF peaks in nine high-S/N spectra of NSVS 1186 acquired close to the quadratures, where the spectral lines have the largest Doppler-shifts. In order to construct a calibration curve FWHM-v sin i, we have used an average spectrum of HD 27962, acquired with the same instrumentation. Since the rotational velocity of HD 27962 is very low but not zero (v sin i ≃11 km s −1 , e.g., Royer, Zorec & Fremat 2004 and references therein), it could be considered as a useful template for low-mass stars rotating faster than v sin i ≃ 10 km s −1 . The spectrum of HD 27962 was synthetically broadened by convolution with rotational profiles of increasing v sin i in steps of 5 km s −1 and the crosscorrelation with the original one was performed at each step. The FWHM of the CCF peak was measured and the FWHM-v sin i calibration was established. The v sin i values of the two components of NSVS 1186 were derived from the FWHM of their CCF peaks and the aforementioned calibration relations, for few wavelength regions and for the best spectra. As a result the projected rotational velocity of 77±3 km s −1 for the primary star and 62±4 km s −1 for the secondary star were estimated. However, note that the spectral lines of the components could not be separated even at the quadratures. Thus the projected rotational velocities estimated in this way should involve higher uncertainties than those given here.
ANALYSIS
The Orbital Configuration
To derive the radial velocities for the components of binary system, the 16 TFOSC spectra of the eclipsing binary were cross-correlated against the spectrum of GJ 740, a single-lined M0V star, on an order-by-order basis using the fxcor package in IRAF 4 . The majority of the spectra showed two distinct cross-correlation peaks in the quadrature, one for each component of the binary. Thus, both peaks were fit independently in the quadrature with a Gaussian profile to measure the velocity and errors of the individual components. If the two peaks appear blended, a double Gaussian was applied to the combined profile using de-blend function in the task. For each of the 16 observations we then determined a weighted-average radial velocity for each star from all orders without significant contamination by telluric absorption features. Here we used as weights the inverse of the variance of the radial velocity measurements in each order, as reported by fxcor. In these data, we find no evidence for a third component, since the cross-correlation function showed only two distinct peaks. We adopted a two-Gaussian fit algorithm to resolve cross-correlation peaks near the first and second quadratures when spectral lines are visible separately. Figure 1 shows examples of cross-correlations obtained by using the largest FWHM at nearly first and second quadratures. The two peaks, non-blended, correspond to each component of NSVS 1186.
C o r r e l a t i o n The stronger peaks in each CCF correspond to the more luminous component which has a larger weight into the observed spectrum.
The heliocentric radial velocities for the primary (V p ) and the secondary (V s ) components are listed in Table 2 , along with the dates of observation and the corresponding orbital phases computed with the ephemeris given by Coughlin and Shaw (2007) . The velocities in this table have been corrected to the heliocentric reference system by adopting a radial velocity of 9.5 km s −1 for the template star GJ 740. The radial velocities listed in Table 2 are the weighted averages of the values obtained from the cross-correlation of orders #4, #5, #6 and #7 of the target spectra with the corresponding order of the standard star's spectrum. The weight W i = 1/σ 2 i has been given to each measurement. The standard errors of the weighted means have been calculated on the basis of the errors (σ i ) in the radial velocity values for each order according to the usual formula (e.g. Topping 1972 ). The σ i values are computed by fxcor according to the fitted peak height, as described by Tonry & Davis (1979) .
First we analysed the radial velocities given in Table 2 for the initial orbital parameters. We used the orbital period held fixed and computed the eccentricity of the orbit, systemic velocity and semi-amplitudes of the radial velocities. The results of the analysis performed with phoebe are as follows: e=0.002±0.001, i.e. formally consistent with a circular orbit, γ=-80±3 km s −1 , K 1 =118±5 and K 2 =169±6 km s −1 . Using these values we estimate the projected orbital semi-major axis and mass ratio as: a sin i =3.412±0.093 R ⊙ and q = M2 M1 =0.70±0.04. The observed and calculated radial velocities of both components are plotted in Figure 2 for comparison.
Modelling the Light Curves
As we mentioned in § 1 the V-, R-and I-bandpass light curves were obtained by Coughlin and Shaw (2007) . The differential magnitudes and orbital phases were read out carefully by the method of dexter 5 . We used the most recent version of the eclipsing binary light curve modelling algorithm of Wilson & Devinney (1971, with updates) , as implemented in the phoebe code of Prša & Zwitter (2005) . The code needs some input parameters, which depend upon the physical structures of the component stars. In the light curve solution we fixed some parameters whose values can be estimated from global stellar properties, such as effective temperature of the primary component and mass-ratio. The weighted mean of the effective temperature has been estimated to be 5 250±135 K and the mass-ratio of 0.70±0.04. Using these values we adopted the linear limb-darkening coefficients from Van Hamme (1993) as 0.39 and 0.28 for the primary and secondary components, respectively; the bolometric albedos from Lucy (1967) as 0.5, typical for a convective stellar envelope, the gravity brightening coefficients as 0.32 for the both components. The rotation of components is assumed to be synchronous with the orbital one. We start with the adjustable parameters: the orbital inclination, i, the effective temperature of the less massive star, T ef f2 , the potential of the components, Ω 1 and Ω 2 , and the monochromatic luminosity of the more massive star, L 1 . Assuming it is a detached binary we used M ode − 2 of the DC program for individual solution. First we determined the preliminary elements and compared with the observed light curves. Since the observed light curves show distortions we started with the two spot solution, one on the primary and other on the secondary component. The initial spot parameters were adopted from Coughlin & Shaw (2007) . Best fit was obtained for each light curve using the same spots and the corresponding parameters are given in Table 3 . The parameters presented in the last column is the weighted mean of the parameters obtained from individual light curves. Coughlin & Shaw (2007) analyzed only V-and R-light curves. Our analysis gives very different 
parameters when compared with those obtained by them. They estimate very low effective temperatures for the components with respect to their predicted masses. The fractional radii for the primary and secondary stars obtained by them are 15 % and 20 % smaller than obtained by us using the same light curves. In contrary, the absolute radii are 5 % and 3 % larger than we found. The main difference is the locations of the spots on the surface of the stars. The spot parameters given by them for the stars should be interchanged. One spot on the south pole of the primary and one spot on the north pole of the secondary well represent the three-color light curves. The spot coverage on the surface of the stars is about 8 %.
Absolute Parameters
Combining the parameters obtained by radial velocity and light curve analyses we calculated the physical parameters of the components as listed in Table 4 . We compare the locations of the components in the effective temperature-luminosity diagram, i.e. Hertzsprung-Russell diagram (Figure 4) . While the location of the more massive primary star agrees well with a star of having the mass, the secondary component appears to be more luminous, more probably originating larger effective temperature and radius. We also computed the radii of the components as R 1 =0.983±0.030 R ⊙ and R 2 =0.901±0.026 R ⊙ for the primary and secondary stars, respectively.
We computed the luminosities of the components using these radii and effective temperatures as L 1 =0.649±0.069 L ⊙ and L 2 =0. 
the primary and secondary stars, respectively. We compare the positions of the components in L-T e diagram with evolutionary tracks of pre-and postmain sequence evolution and as well as with the ZAMS, as shown in Figure 4 . For constructing solar metallicity ZAMS and evolutionary tracks, we used the Cambridge version of the the stars code which was originally developed by Eggleton (1971) and had substantial revision up to date (Eldridge & Tout, 2004) . The current version is also capable to account molecular contribution on equation of state according to Marigo (2002) approximation which may be crucial for low mass stars. The less massive component seems to hotter and more luminous with respect to the models. The physical parameters determined by us are very different from those obtained by Coughlin and Shaw (2007) . While they estimate effective temperatures between 4 370 and 5 250 K from the observed colours they adopted an effective temperature of 3 970 K for the more massive star. The masses of the components estimated to be 0.94 and 0.87 and radii of 1.03 and 0.93, and an effective temperature of 3 750 K for the secondary star. The locations of the component stars in the HR diagram correspond to stars having masses below 0.4 M ⊙ . The J-,H-, and K-band extinctions in the direction of the variable taken from Schlegel et al. (1998) as A J =0.046, A H =0.030 and A K =0.019 magnitudes. We computed the absolute magnitudes as M J =3.96±0.10, M H =3.50±0.07 and M K =3.46±0.07 for the primary star. Then using the JHK magnitudes given in § 2.1.1 we estimate the distance to the variable as 668±25, 689±24 and 678±22 parsec in J,H, and K bands, respectively. Abt (1963) and Duquennoy, Mayor and Halbwachs (1991) report that binary stars are more common than single stars at masses above that of the Sun. In contrary, Reid & Gizis (1997) and Delfosse et al. (1999) suggest that binaries are not very common in low-mass stars, although approximately 75 % of all stars in our Galaxy are low-mass dwarfs with masses smaller than 0.7 M ⊙ . Due to the low binary fractions and their faintness very few low-mass eclipsing binary systems have been observed so far both photometrically and spectroscopically, yielding accurate physical parameters. Recently in a pioneer study, Ribas (2003 Ribas ( ,2006 collected the available masses and radii of the low-mass stars and compared with those obtained by stellar evolution models. Even small numbers of the sample, a total of eight double-lined eclipsing binaries whose mass and radius are determined with an accuracy of better than 3 %, the comparison evidently revealed that the observed radii are systematically larger than the models. However, the effective temperatures are cooler than the theoretical calculations, being the luminosities in agreement with those of single stars with the same mass. This discrepancy between the models and observations has been explained by Mullan and MacDonald (2001) , Torres et al. (2006) , Ribas (2006) and Lopez-Morales (2007) and others by the high level magnetic activity in the low-mass stars. They suggest that stellar activity may be responsible for the observed discrepancy through inhibition of convection or effects of a significant spot coverage. However, Berger et al. (2006) compared the interferometric radii of low-mass stars with those estimated from theory and find a correlation between an increase in metallicity and larger-than-expected radius, i.e. the larger radii are caused by differences in metallicity.
OVERSIZED STARS IN THE LOW-MASS ECLIPSING BINARIES
The number of double-lined low-mass eclipsing binaries having precise photometric and spectroscopic observations is reached to 21 according to knowledge of the authors. Combining the results of the analysis of both photometric and spectroscopic observations accurate masses, radii, effective temperatures and luminosities of the components have been obtained. In Table 5 we list absolute parameters for the low-mass stars with their standard deviations. In Figure 5 we plot the radii of the low-mass stars in the eclipsing binary systems as a function of mass. Theoretical mass-radius (M-R) diagrams for the zeroage main-sequence stars with solar abundance taken from the stars code and Siess et al. (2000) are also plotted for comparison.
The stars below 0.3 M ⊙ appear to trace the theoretical M-R diagram. However, larger mass stars, above 0.3 M ⊙ , significantly deviate from the theoretical M-R digram. We also computed projected rotational velocities of the components using their radii and orbital period. Since the orbital periods are generally short we assume spin-orbit synchronization. The rotational velocities are plotted in Figure 6 as a function of the radius difference calculated as (R obs − R zams )/R zams . This plot shows that as the rotational velocity increases, the difference in radius, gets larger for the stars given in Table 5. A low-mass star has a convective atmosphere with a radiative core. The depth of the convective zone is about 0.28 R for a star of mass about 0.9 M ⊙ , and gradually increases to about 0.41 R for a star with a mass about 0.4 M ⊙ . Stars are thought to be fully convective below about 0.35 M ⊙ . Therefore, the internal structure of such a low-mass star with a deep convective zone is tightly dependent on the mixing length parameter, α. In Figure 7a and b we compare locations of the low-mass stars in the M-R and M-T ef f diagrams with the theoretical calculations for various α parameters. Convection is modelled by mixing length theory (Böhm-Vitense 1958) with the ratio of mixing length to pressure scale height (i.e. α = l/H p ). Theoretical models show that there is no significant separation in the M-R relation for the stars below about 0.6 M ⊙ , depending on the mixing length parameter. For masses above this value a separation is revealed. However, as the α parameter increases the computed effective temperature gets higher. A separation is clearly seen even for the masses below 0.6 M ⊙ . We also plotted empirical parameters of the low-mass stars in these panels. This comparison clearly exposes that the discrepancies in radii and effective temperatures could not be explained only by changing α parameter as it is obvious in M-R and M-T ef f plots represented in Figure 7 . On the other hand Demory et al. (2009) showed that there is no significant correlation between metallicity and radius of the single, low-mass stars. An alternative explanation remains to be the magnetic activity responsible for the observed larger radii but cooler effective temperatures. As demonstrated by D'Antona et al. (2000), Mullan and MacDonald (2001) and Chabrier et al.(2007) magnetic fields change the evolution of low-mass stars. Due to the high magnetic activity in the fast-rotating dwarfs their surface are covered by dark spots. Spot coverage in active dwarfs yields larger radii and lower effective temperatures.
DISCUSSION
We obtained the radial velocity curves for the low-mass eclipsing binary NSVS 1186. We re-analysed the existing V-, R-and I-bandpass light curves. Since the light curves are distorted they are modelled assuming one spot located on each star. Then combining the photometric and spectroscopic solutions we derived the absolute physical parameters for both components. The standard deviations of the parameters have been determined using the jktabsdim code (Southworth and Clausen 2005) . The less massive component appears to have a larger radius and higher temperature with respect to the its mass. On the other hand the primary star seems to have a larger radius but the effective temperature is in agreement with that expected from its mass. We suppose that the larger radii of both components may be originated from a higher activity in the system at the time that photometry is performed. The locations of the components in the H-R diagram have been plotted and compared with theoretical models. The secondary component seems to have slightly brighter with respect to its mass.
Basic physical parameters determined from double lined mass binaries , such as mass, radius, effective temperature and orbital period, for low-mass stars are collected. The locations of the low-mass stars in the mass-radius panel are compared with the theoretical ZAMS models. Since the low-mass stars evolve very slowly, we prefer a comparison with the ZAMS models. Theoretical models tend to underestimate the radii at a given mass in the range of 0.3 and 0.6 M ⊙ . Due to the evolutionary effect on the radius, we take into account only this mass range, preventing any confusion. Since low-mass stars have deeper convective layers in their atmospheres we also computed the radii and temperatures for the above-mentioned mass range for various mixing-length parameters. We find that mixing-length parameter does not significantly affect the radii, in contrary, it changes considerably the effective temperatures of the stars. Comparison with the observations shows that the observed larger radii of the late K and M dwarfs can not only be represented with the values of mixing-length parameters. These comparisons confirm that magnetic field induced inhibition of convection in fast-rotating low-mass stars with deep convective zones lead to larger radii and lower effective temperatures than those expected from theoretical models (D'Antona et al. 2000 , Mullan and MacDonald 2001 , Chabrier et al. 2007 ) . . The values of the alpha parameter higher than 0.5 appear to effect the radius slightly for a star below 0.7 M⊙. As the alpha increases the effective temperatures get higher.
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